(19) 



Europaisches Patentamt 
European Patent Office 
Offic ur peen d s brevets 



(12) 



(11) EP 1 239 116 A2 
EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) intciJ: F01D5/34, F01D5/00, 


1 1 .09.2002 Bu lletin 2002/37 


B23K 20/12 


(21) Application number: 02251636.3 




(22) Date of filing: 07.03.2002 




(84) Designated Contracting States: 


• Prentice, Ian Francis 


AT BE CH CY DE DK ES Fi FR GB GR IE IT LI LU 


Cincinnati, Ohio 45220 (US) 


MC NL PT SE TR 


• Toye, Michael Dewayne 


Designated Extension States: 


Blanchester, Ohio 45107 (US) 


AL LT LV MK RO SI 


• Kelley, John Robert 




Cincinnati, Ohio 45242 (US) 


(30) Priority: 07.03.2001 US 801119 


• McNulty, Gregory Scott 


Sheibyviile, Indiana 46176 (US) 


(71) Applicant: GENERAL ELECTRIC COMPANY 




Schenectady, NY 12345 (US) 


(74) Representative: Goode, Ian Roy 




GE LONDON PATENT OPERATION, 


(72) Inventors: 


Essex House, 


• Crall, David William 


12/13 Essex Street 


Loveland, Ohio 45140 (US) 


London WC2R3AA(GB) 



(54) Fluted blisk 



(57) A blisk (10) includes a disk (16) having a rim apart in the disk rim to define fluted inner fiowpathchan- 
(1 6a). A row of blades (1 8) extends outwardly from the nels (22) extending axially between the blades to bound 
rib in a unitary construction. The blades are spaced con^esponding flow passages (20) therebetween. 




1 



EP1 239 116 A2 



2 



Description 

[0001 ] The present invention relates generally to gas 
turbine engines, and. more specifically, to blisks therein. 
[0002] A gas turbine engine includes various stages 5 
of biaded disks in the compressor and turbine thereof 
which pressurize air in the former and expand hot com- 
bustion gases in the latter. The compressor blades or 
turbine blades are typically mounted to their supporting 
disks by dovetails which are radially retained in corre- 
sponding dovetail slots In the rims of the disks. 
[0003] Advantages in perfomnance, manufacture, and 
weight may be obtained by integrally fomriing the blades 
and disks in a unitary or one-piece construction known 
as a blisk. In one method of manufacture, the individual 
blades and features of the supporting disk are machined 
from a common blank of metal. Complex three dimen- 
sional machining is required to precisely obtain the re- 
quired aerodynamic flow passages between the blades. 
[0004] Since blisks may be damaged in the nonmal 
course of operation in a gas turbine engine before their 
useful lives have been met, it is desirable to repair the 
blisks. However since the blades are integrally formed 
with the disk, they arc not readily individually removable 
In the manner of biaded disks having dovetails. 
[0005] Accordingly, either portions of an individual 
damaged blade may be removed by machining and re- 
placed with a con-esponding blade piece, or the entire 
damaged blade may be removed and replaced. In either 
example, the repaired blisk should be returned as close 
as possible to its original strength forcompleting its orig- 
inal useful life without undesirable early tennination 
thereof. 

[0006] Another fonm of blisk manufacture and repair 
uses translational friction welding for integrally welding 
individual blades to a disk. The disk is typically initially 
fabricated with a row of integral stubs extending radially 
outwardly from the rim of the disk. Each stub has a 
smooth weld surface which complements a correspond- 
ing smooth blade root for permitting friction welding ther- 
ebetween. 

[0007] Each blade initially includes a fixturing collar 
near the blade root so that compression and translation, 
forces may be applied to the individual blade for devel- 
oping friction at the weld surface as the blade is quickly 
oscillated during the welding process. The blade and 
stub material at the.weld surface locally fuses to form a 
friction weld bond thereat, after which the resulting weld 
flashing and fixturing collar are removed by convention- 
al machining for achieving the desired aerodynamic 
contour of- the blade and rim surfaces. 
[0008] Since the friction welding forces are substan- 
tial, the original rim stubs are provided oversize with ex- 
cess material to prevent undesirable plastic defomnation 
of the stubs and blade during friction welding. The ex- 
cess material may then be removed by machining fol- 
lowing the friction welding process. 
[0009] However, in the event that repair of the blisk is 



desired and a complete blade must be removed, the re- 
maining stub no longer includes the original excess ma- 
terial. The correspondingly smaller stub is therefor sub- 
ject to undesirable deformation during the friction weld- 
ing process of a replacement blade, which can damage 
the blisk and render it unusable for return to service in 
the engine. 

[0010] Another problem with friction welding of blisks 
is the exposure to the environment along the edges of 
the weld surface as the blade is oscillated during weld- 
ing. The original oversized stub and correspondingly 
oversized blade root provide additional surface area for 
decreasing the likelihood of environmental contamina- 
tion at the resulting weld line. The excess material ma- 
chined away after friction welding typically removes 
therewith any undesirable contamination around the 
weld surface. Since the stubs no longer have excess 
material for the repair operation, the weld surfaces are 
subject to environmental contamination. 
[0011] These problems of typical friction welding are 
further compounded by the axial contour of the disk rim 
defining the inner flowpath boundary of the flow passag- 
es between adjacent blades. In a typical entry-stage 
configuration of a fan or compressor blisk, the blisk rim 
increases in diameter between its f onward and aft ends, 
and typically has an arcuate contour therebetween 
which may have a generally S-shape, Accordingly, the 
stub weld surface typically follows the axial profile of the 
disk rim for maintaining the weld surface as large as pos- 
sible. 

[0012] Typical compressor blades have maximum 
thickness in their midchord regions, with corresponding- 
ly thin leading and trailing edges, and typically decrease 
in thickness from root to tip thereof. The rim stub and 
the blade root therefore typically have complementary 
arcuate weld surfaces for maximizing the surface area 
and reducing distoriion during the friction welding proc- 
ess. 

[0013] Since the weld plane is arcuate, both the rim 
stub and blade root require precise^three dimensional 
machining to create closely matching surfaces for 
achieving complete friction welding. And, the arcuate 
weld surface can only be translated in the axisymmetric 
direction circumferentially around the disk rim. This cir- 
cumferential or lateral frictional oscillation of the blade 
on its coH'espondlng stub is rendered more difficult 
when conducted between two adjacent blades already 
welded to their stubs. 

[001 4] Accordingly, it is desired to provide - :3k hav- 
ing an improved configuration of the weld pid.ta for ad- 
vantages in both original manufacturing thereof as well 

as during subsequent repair. 

[0015] According to the present invention, a blisk in- 
cludes a disk having a rim. A row of blades extends out- 
wardly from the rim in a unitary construction. The blades 
are spaced apart in the disk rim to define fluted inner 
flowpath channels extending axially between the blades 
to bound corresponding flow passages therebetween. 
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[0016] The invention^ in accordance with preferred 
and exemplary embodiments, together with further ob- 
jects and advantages thereof, is more particularly de- 
scribed in the following detailed description taken in con- 
junction with the accompanying drawings in which: 

Figure 1 is an isometric view of a portion of a gas 
turbine engine ^compressor blisk and a schematic 
method of manufacture thereof. 

Figure 2 is a radial sectional view of the blisk illus- 
trated In Figure 1 and schematic representation of 
translation friction welding thereof. 

Figure 3 is an enlarged elevational view of a portion 
of the welding joint between the blade and disk il- 
lustrated in Figure 2 within the dashed circle labeled 
3. 

Figure 4 is a top planiform view of a portion of the 
blisk illustrated in Figure 2 showing three adjacent 
blades having corresponding fluted inner flowpath 
channels extending in width circumferentially ther- 
ebetween. 

Figure 5 is a radial sectional view of an exemplary 
fluted flow channel illustrated in Figure 4 and taken 
along 5-5 near the blade leading edges. 

Figure 5 is radial sectional view of the fluted channel 
illustrated in Figure 4 and taken along line 6-6 in the 
blade midchord region. 

Figure 7 is a radial sectional view of the fluted chan- 
nel illustrated in Figure 4 and taken along line 7-7 
near the blade trailing edges. 

Figure 8 Is an isometric view, like Figure 7. of the 
blisk being repaired in accordance with an exem- 
plary embodiment. 

[0017] Illustrated in Figure 1 is a portion of an annular 
blisk 10 which is generally axisymmetrical about a lon- 
gitudinal or axial centerline axis 1 2 thereof. The blisk is 
configured for use In a gas turbine engine, and Is in the 
exemplary fomn of a compressor or fan blisk for pressu- 
rizing air 14 dui^ing operation. 

[001 8] The blisk includes an annular disk 1 6 which in- 
cludes an axially wide rim 1 6a, a narrower web 1 6b, and 
a wider hub 1 6c in a unitary construction. 
[0019] A row of compressor rotor blades 18 extends 
radially outwardly from the rim 16a in a unitary or one- 
piece construction therewith for defining the completed 
blisk. As indicated above, the blades are integral with 
the disk and do not include typical dovetails which would 
otherwise pemnit their ready removal or insertion in the 
fonm of a conventional bladed-disk. 
[0020] Each blade may have any conventional aero- 



dynamic configuration. for pressurizing the air during op- 
eration and defines with its circumferential neighbor a 
corresponding flow passage 20 through which the air1 4 
is channeled during operation. The disk rim 1 6a Includes 

5 an inner flowpath channel 22 between each of the ad- 
jacent blade pairs which extends axially along the 
blades and between the forward and aft ends of the rim 
disposed on axially opposite sides thereof. 
[0021] The inner channel 22 defines the radially inner 

10 boundary of the flow passage 20, and the radially outer 
boundary of the flow passage Is typically defined by a 
surrounding annular casing or shroud 24 of any conven- 
tional configuration. In this way, as the blisk rotates dur- 
ing operation within the stationary shroud 24 corre- 

15 spending flow passages 20 are defined between each 
blade pair through which the air is channeled for being 
pressurized or compressed. 

[0022] Each blade 18 includes a generally convex 
suction side 26 and a circumferentially opposite gener- 
ic ally concave pressure side 28 extending axially or 
chordally between opposite leading and trailing edges 
30,32, and radially along the span axis from root 34 to 
tip 35. In accordance with the present Invention, the In- 
ner flow path channels 22 are fluted for providing sub- 
25 stantial advantages in manufacture, repair, and aerody- 
namic performance. 

[0023] More specifically, conventional blisks have ax- 
isymmetric inner flowpaths which are surfaces of revo- 
lution around the axial centerline axis. Axisymmetric 

30 surfaces are correspondingly convex outwardly and are 
readily machined during the manufacturing process. In 
contrast, the fluted channels 22 are not surfaces of rev- 
olution relative to the centerline axis 12, and are thusly 
non-axisymmetric, but, instead, are circumferentially ar- 

35 cuate between adjacent blades and join the blades at 
corresponding arcuate fillets 38. Furthermore, each of 
the fluted channels 22 is preferably asymmetric circum- 
ferentially between adjacent blades relative to the pri- 
mary axial flow direction of the air along the flutes and 

40 between the forward and aft ends oPthe disk rim. 
[0024] Each of the fluted channels 22 has a generally 
concave profile or contour extending radially inwardly 
toward the centerline axis 1 2, and varies in that contour 
axially along the bounding blades 18 between the for- 

45 ward and aft ends of the disk rim. Whereas the typical 
axisymmetric Inner flowpath of a blisk Is generally con- 
vex, the fluted channels are generally concave and op- 
posite thereto. 

[0025] A particular advantage of the fluted channels 
50 22 is corresponding improvement over the original man- 
ufacture or fabrication of the blisk and repair thereof. 
More specifically, the disk rim 16a illustrated in Figures 
1 and 2 includes integral or unitary planar stubs 40 each 
having a planar weld surface or flat plane 42 which com- 
55 plements the corresponding blade root 34, which is also 
planar or flat. 

[0026] The stubs and roots are frictionally welded to- 
gether to fomn a fused or weld-bonded joint therebe- 
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tween for integrally joining all the blades to the disk to 
fomn the unitary or one-piece construction thereof. The 
welded blades thus beconne an Integral part of the disk 
and are not readily removable therefrom without a ma- 
chining or cutting operation. 

[0027] Of particular significance in this blisk construc- 
tion is the weld plane 42 being disposed in the fillets 38, 
instead of being disposed radially outwardly therefrom 
in thinner sections of the resulting blade or stub. As in- 
dicated above, translation friction welding requires sub- 
stantial friction forces between a blade and rim stub, and 
if the stubs are too narrow or thin then undesirable de- 
fomnation of the blade and stub may occur during the 
process which can adversely affect the final configura- 
tion of the welded blade. Weak stubs are prone to dis- 
tortion, with strong stubs being desired. 
[0028] Also Indicated above is that the stubs and 
blade roots may be initially made suitably oversize for 
increasing the strength thereof for undergoing the fric- 
tion weid process, but such oversize is not available in 
the stubs for subsequent repair. 
[0029] Accordingly, by initially locating the weld 
planes 42 in the fillets of the stubs 40, the additional 
width of the stub at the fillets substantially Increases the 
strength thereof and better withstands the large friction 
welding forces. 

[0030] However, locating the weld planes within the 
stub fillets is not readily accomplished in view of the typ- 
ical three dimensional configuration of the disk rim 16a. 
If the outer surface of the rim were purely cylindrical, 
then straight stubs with unlfomily small fillets could be 
readily used. 

[0031] However, the disk rim 16a illustrated in Figures 
1 and 2 is representative of typical compressor blisks in 
which the rim Increases In diameter between its forward 
and aft ends and Is not simply cylindrical. Accordingly, 
the fluted channels 22 correspondingly diverge radially 
outwardly between the fonA/ard and aft ends of the disk 
rim and correspondingly increase in radius from the blisk 
centerllne axis. Notwithstanding the variable axially pro- 
file of the disk rim, the weld planes 42 remain flat or pla- 
nar and are suitably tilted to vary in radial distance from 
both the blisk centerllne axis and the corresponding flut- 
ed channels 22 extending axially between the opposite 
ends of the disk rim. 

[0032] Since the disk rim varies In diameter and con- 
tour between its fonward and aft ends, a conventional 
stub would also vary in contour for maintaining a rela- 
tively small and constant fillet along the disk rim for max- 
imizing aerodynamic perfomnance of the flow passage 
while maintaining the desired flow area thereof. Howev- 
er, the variable contourstubs resulting therefrom are un- 
desirable for the several reasons presented above. 
[0033] Equally undesirable is the simple introduction 
of a planar stub generally conforming with the variable 
contour of the disk rim which would inherentry position 
the weld plane at relatively thin portions of the blade at 
either its leading or trailing edges or chordalh/ therebe- 



tween at locations radially outwardly of the stub fillets. 
It is undesirable to merely increase the size of the fillets 
to reach the varying diameter weld plane because those 
fillets directly affect aerodynamk: performance of the 

5 blades including the required flow area of the passages. 
[0034] Accordingly, by introducing the fluted channels 
22 Instead of typical surface-of-revolution flow chan- 
nels, the weld plane 42 may remain flat over its entire 
extent between the leading and trailing edges of the 

10 blade while being positioned within the corresponding 
fillets 38 for maintaining structural integrity of the stubs 
and resistance to friction welding without compromising 
aerodynamic performance. As shown in Figures 1 and 
2, the fluted channels 22 vary in radial depth preferably 

15 non-lineai'ly between the fonn/ard and aft ends of the disk 
rim, and the weld plane 42 correspondingly varies in ra- 
dial position inside the fillets 38 axially between the op- 
posite ends of the rim. 

[0035] As initially shown in Figure 1 , the fluted chan- 
ge nels 22 vary in circumferential profile or contour and 
have a maximum sectional depth skewed or swerved 
toward the blade suction sides 26 axially between the 
forward and aft ends of the disk rim 16a. This general 
contour of the fluted channels results from the manner 
25 of originally making the blisk to accommodate the con- 
tradictory objectives of a planar weld surface Inside cor- 
respondingly small fillets with a disk rim varying in diam- 
eter and axial contour between the f ontvard and aft ends 
thereof. 

30 [0036] More specifically, Figure 1 also Illustrates 
schematically a method of making the blisk 1 0 in accord- 
ance with a prefen-ed embodiment. The disk 16 without 
the blades is initially fabricated in any conventional man- 
ner such as by forging and machining to produce the 

35 desired planar stubs 40 extending radially outwardly 
from the disk rim, preferably suitably oversized. 
[0037] The individual blades 18 are fabricated in any 
conventional manner such as by forging and machining 
as desired. In this way the Individual fabrication of the 

40 blades pemnits precise control of the various dimensions 
thereof without obstruction by any other blade or the disk 
which typically occurs in the machining in the blisk and 
blades from a common blank. 
[0038] Each blade 1 8 is preferably fabricated with an 

"^5 integral fixturing collar 44 disposed closely radially 
above the planar root 34 thereof. Translation friction 
welding equipment 46 of any conventional configuration 
is then used for friction welding the planar root 34 to the 
corresponding planar stub 40 for each of the blades by 

50 translating and reciprocating the collar 44 axially or 
chordally. As shown In general in Figures 1 and 2, and 
in more detail in Figure 3, the welding equipment pro- 
duces a radially inwardly directed compression or upset 
force F through the collar 44 to create substantial friction 

55 forces as the collar 44 is oscillated under translation 
force T in rapid motion to locally fuse the blade root to 
the rim stub to fonri a weld joint along the weld plane. 
[0039] As shown in Figures 3 and 4, translation of the 
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blade 1 8 during the friction welding process preferably 
occurs in the chorda! direction along the greatest length 
of the stub 40 as opposed to its substantially narrower 
circumferential width. In this way, as the blade is oscil- 
lated during friction welding as illustrated in Figure 3, 
only snnall portions at the opposite leading and trailing 
edges of the blade at the roots 34 are exposed to the 
environment for substantially reducing environmental 
contamination of the weld plane. Both sides of the blade 
root 34 remain directly in contact along both sides of the 
stub 40 during the welding process with correspondingly 
little chance of environmental contamination thereat. 
[0040] As the friction welding process continues, the 
metal surfaces of the blade root and stub fuse together 
in a strong weld over the entire planar extent of the weld- 
ing surfaces resulting in a mushrooming weld flashing 
48 which projects laterally outwardly around the full pe- 
rimeter of the weld joint which typically removes any en- 
vironmental contamination introduced by the friction 
welding process. 

[0041 ] As illustrated in Figure 1 , a conventional milling 
or grinding tool 50 may then be used formachining away 
the collar 44 and the weld flashing 48 at the weld plane 
42 to complete or finally machine the blade roots and 
fillets 38 thereat. 

[0042] Figure 5 illustrates in more detail an exemplary 
section of the fluted contour 22 near the leading edges 
of the blades, and the prefen^ed manufacturing process 
therefor. Also indicated in Figure 5 is the local addition 
of excess material 52 at both sides of the blade root 34, 
and the complementary stub 40 used during the original 
manufacture, if desired, which is finally machined after 
the welding process to achieve the desired final dimen- 
sions of the fluted contour 22 and fillets 38. The excess 
material 52 may be used where desired locally at the 
stubs and blade roots as well as over the entire disk rim. 
or not as desired. 

[0043] Figure 5 also illustrates schematically a pre- 
ferred method of fabricating the disk for obtaining the 
placement of the weld plane 42 in the stub fillets 38, and 
the resulting fluted contourof the inner flowpath channel 
22 between the adjacent blades and stubs. 
[0044] As indicated above, the blades 1 8 and their in- 
ner flowpath channels 22 define in most part the flow 
passages 20 disposed therebetween through which the 
air is channeled during operation. The configuration of 
the flow passage is defined by the contours of the blades 
and inner channel 22, and various analytical tools are 
conventionally available for defining the configuration of 
the flowpath for achieving optimum aerodyramtc per- 
formance in each stage of the fan or compressor as ap- 
propriate. 

[0045] Conventional analytical tools, include two-di- 
mensional aerodynamic computational codes or soft- 
ware for defining the flowpath configuration and blade 
shape in accordance with specific aerodynamic require- 
ments or performance of the stage. 
[0046] Three dimensional aerodynamic computation- 



al codes or software are also conventionally available 
for detemnining flowpath configuration in accordance 
with the desired aerodynamic performance require- 
ments. However, three dimensional computation is sub- 

5 stantially more complex than two dimensional computa- 
tion and therefore requires more computational effort 
and time, and associated cost. 
[0047] Accordingly, irrespective of the type of compu- 
tational software available, the disk 16 is initially evalu- 

10 ated by analytically defining the desired fluted contour 
of the inner flowpath channels 22 between the stubs 40 
cf the disk rim to achieve the desired or optimum aero- 
dynamic perfomiance required by the blisk, including 
the corresponding flow areas and surface curvature or 

15 contour of the flow passages 20 between the blades. 
Three dimensional computational codes In a corre- 
sponding digitally programmable computer may be 
used to simultaneously determine the required fluted 
contour of the channel 22 in conjunction with the fillets 

20 38, with the weld planes 42 disposed therein. 

[0048] By predetemriining the required fluted contour, 
the disk 1 6 may then be fabricated in any conventional 
manner, with the stubs 40 and channels 22 correspond- 
ing with the analytically determined fluted contour there- 

25 of, for positioning the weld planes 42 in the fillets 38. As 
illustrated in Figures 2 and 4, the fluted channels 22 ex- 
tend axially between the forward and aft ends of the disk 
rim, and therefore the analytical definition thereof must 
include all sections over the full axial extent of the blades 

30 and stubs, while both maintaining the flat or planar weld 
surface within corresponding fillets without compromis- 
ing aerodynamic performance. 
[0049] As indicated above, iterativeiy predicting the 
required contour of the fluted channels 22 would nor- 

35 mally require substantial computational effort using a 
three dimensional computational code. 
[0050] A simplified procedure may be used for defin- 
ing the fluted contour 22. As illustrated initially in Figure 
5, an aerodynamic analysis may first be conducted to 

40 define an aerodynamic contour 54 16 achieve the opti- 
mum or desired aerodynamic perfomiance and corre- 
sponding surface contours and flow areas of the pas- 
sages 20, without regard to the location of the weld 
planes 42. 

45 [0051] As Indicated above, two dimensional computer 
codes are conventionally available for use in a digitally 
programmable computer to represent in two dimensions 
the aerodynamic performance of the blisk to define the 
aerodynamic contour 54 of the flow passages, including 

50 the inner boundary flow channels for corresponding aer- 
odynamic perfomiance including the desired static pres- 
sure distribution in the flow passages. If desired, 3D aer- 
odynamic codes may be used to refine the initial aero- 
dynamic contour 54. 

55 [0052] The aerodynamic contour 54 is typically de- 
fined as a surface of revolution for the inner flowpath of 
the passages 20 and is axisymmetrical about the cen- 
teriine axis of the blisk. This aerodynamic contour is also 
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defined by the corresponding pressure and suction 
sides of the adjacent blades. 

[0053] Since that aerodynamic contour 54 must nec- 
essarily follow the increase in diameter of the disk rim 
between its forward and aft ends as illustrated in Figure 
2, the resulting axial profile thereof is generally S- 
shaped which will correspondingly result in a varying ra- 
dial distance to the desired straight or flat weld plane 42. 
[0054] Accordingly, the position of the weld plane 42 
may be chosen in any suitable best fit based on trial and 
en'or or sound engineering judgment relative to the an- 
alytically produced aerodynamic contour 54 in an at- 
tempt to position the weld plane relatively close to the 
Inner flowpath in the desired fillets therewith. 
[0055] In this way the weld plane 42 is positioned 
within suitable fillets 38 of conventional configuration for 
manufacturing purposes, but the reference contour 56 
does not have any aerodynamic utility except as provid- 
ed by the fillets. Fillets are commonly used at the junc- 
tions of structural elements for reducing stress concen- 
tration thereat. Typical fillets may have single or multiple 
radii in transition, or may be infinitely variable In radius 
as desired for a particular junction between structural 
elements. 

[0056] In a typical blisk construction, the blisk rim is 
axisymmetric with a common diameter surface of revo- 
lution between blades which then transitions abaiptly at 
the radially outwardly extending blades. The abruptness 
of the transition is improved by the use of suitable fillets 
thereat for structural and aerodynamic perfomnance. 
[0057] The reference contour 56 illustrated in Figure 
5 is again axisymmetric or a surface of revolution con- 
trolled in most part by locating the weld planes 42 in the 
corresponding fillets 38 at all the axial sections of the 
stub between the forward and aft ends of the disk rim 
as represented by the exemplary sections illustrated in 
Figures 5, 6, and 7. In this way, the weld plane 42 is best 
fit in accordance with engineering judgement or trial and 
error in the corresponding fillets 38 at each section of 
the stubs between the rim ends. 
[0058] At each axial location of the stubs between the 
disk ends, there will likely be a difference between the 
passage area as defined by the reference contour 56 
and the area required for aerodynamic performance as 
defined by the aerodynamic contour 54. 
[0059] The fluted contour 22 is initially defined be- 
tween the fillets 38 of the reference contour 56 to match 
the flow area of the aerodynamic contour 54. As shown 
in Figure 5, the fillets 38 of the reference contour reduce 
{-) local flow area relative' to the aerodynamic contour, 
and the fluted contour is configured to have concave 
flutes or recesses extending radially inwardly to locally 
provide additional flow area (+) to offset the loss of flow 
area due to the desired fillet shape. 
[0060] As indicated above, the aerodynamic contour 
54 and the reference contour 56 are conventionally de- 
tennined and are axisymmetric or surfaces of revolution 
between the fillets, as represented by con^esponding ra- 



dii A, B therefor. The actual radius A,B for each axial sec- 
tion of the flow passage is detenmined for each particular 
configuration and may be closely similar, with one or the 
other being greater than the other, and possibly chang- 
ing in orientation between the forward and aft ends of 
the disk rims. Figures 5-7 are greatly exaggerated rep- 
PBsentations of these two contours 54,56 for purposes 
of illustration only 

[0061] Nevertheless, the two contours 54,56 are in- 
10 herently axisymmetric by the design practice described 
above whereas the fluted contour 22 is inherently not a 
surface of revolution nor axisymmetric in the manner of 
the two contours 54.56, but in contrast is typically asym- 
metric relative to the two axisymmetric contours, and 
15 along the axial flow direction of the fluted channel 22. 
[0062] As shown in Figure 5, the fillets 38 may be de- 
fined In conjunction with the reference contour 56 for lo- 
cating the weld planes 42 within the fillets for maximizing 
the strength of the stubs for friction welding. As indicated 
20 above, it is not desirable to locate the weld planes 42 
radially outwardly of the fillets at any location along the 
axial extent of the individual stubs 40 in view of the cor- 
respondingly smaller thickness of the stub which could 
Ibad to undesirable defomriation thereof during the fric- 
25 tion welding process. 

[0063] However, although the reference contour 56 
corresponds with desirable fillets 38, the remainder of 
the reference contour between the opposite fillets in 
each flow passage 20 does not meet the optimum aer- 
30 odynamic perfomiance for the flow passage, and typi- 
cally includes a passage area different than the optimum 
passage flow area. 

[0064] Accordingly, the desired contour of the fluted 
channel 22 may be obtained by locally altering the inner 

35 flowpath between the fillets 38 from the reference con- 
tour 56 to the nonaxisymmetric fluted contour 22 to ini- 
tially obtain the same passage flow area for the fluted 
channel 22 as that analytically detemnined for the aero- 
dynamic contour 54. 

40 [0065] After defining the initial conffguration of the flut- 
ed contour 22, 3D aerodynamic analysis is conducted 
for the inter-blade flow passage to detennine the aero- 
dynamic perfomnance thereof. The configuration of the 
fluted contour 22 between the fillets 38 may then be it- 

^5 eratlvely changed, along with that of the blades, to op- 
timize the aerodynamic perfomnance, irrespective of the 
flow passage area. 

[0066] The three dimensional aerodynamic analysis 
includes the desired fillets 38 for maintaining the weld 

50 planes 42 therein, and is used to detemriine the required 
changes in the inner flowpath to achieve the optimum 
aerodynamic performance, with a corresponding flow 
passage area. The resulting fluted channels 22 typically 
vary in circumferential contour relative to the two con- 

55 tours 54,56. 

[0067] As illustrated in Figure 5, the fillets 38 at the 
left and right of the center fluted channel 22 are radially 
higher than the conresponding portions of the aerody- 
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namic contour 54 resulting in a local toss (-) of passage 
flow area. Accordingly, the center portion of the fluted 
channel 22 extends radially inwardly nnore than the cor- 
responding portion of the aerodynamic contour 54 for 
locally increasing (+) flow area to offset the loss of flow 
area under the left and right fillets. In this way, the flow 
passage area may be initially maintained by adjusting 
the inner flowpath contour between the desired contours 
of the two fillets 38 for maintainingthe total flow passage 
area predicted for the aerodynamic contour 54. And 
then , the contour of the fluted channel 22 may be further 
optimized without restraint of the passage flow area. 
[0068] Figure 5 illustrates the contour of the fluted 
channel 22 near the blade leading edges at the fon/vard 
end of the disk rim, with the channel 22 having a maxi- 
mum depth generally in the circumferential middle be- 
tween the two adjacent stubs 40. Preferably, the fonward 
end of the disk rim is circular, and the fluted channel 22 
commences thereat and increases in depth in the down- 
stream direction as required for optimizing aerodynamic 
perfonnance of the flow passage between adjacent 
blades. 

[0069] Figure 6 illustrates a different contour of the 
fluted channel 22 near the midchord of the blades be- 
tween the forward and aft ends of the disk rim, with the 
maximum depth of the fluted channel being skewed 
closer to the suction side 26 of the blades relative to the 
pressure side 28 of the adjacent blade. Note the greater 
loss (-) of flow passage area near the right, pressure- 
side fillet than near the left, suction-side fillet. Note also 
the locally added flow area near the suction-side fillet 
which cooperates with the blade suction side having lo- 
cally high flow velocities for Increasing aerodynamic 
perfonnance thereof. 

[0070] And, Figure 7 illustrates the further different 
contour of the fluted channel 22 near the blade trailing 
edges at the aft end of the disk rim. The maximum depth 
of the fluted channel is reduced in magnitude to blend 
with the circular aft end of the disk rim, and is now 
skewed closer to the pressure-side fillet of the adjacent 
blade. Note the loss (-) of flow passage area near the 
left, suction-side fillet, with offsetting increase (+) in flow 
area near the right, pressure-side fillet. 
[0071] Figures 4-7 illustrate that the weld plane 42 
may be located within the fillets bounding each stub 40 
along the entire length of the Individual stubs notwith- 
standing the varying diameter of the fluted channel 
which typically increases between the fonward and aft 
ends of the disk rim. The weld plane 42 remains flat and 
within the fillets 38 for the full axial length of the stubs 
notwithstanding the variations in radius of the fluted 
channel, with the circumferential contour of the fluted 
channel varying as necessary to achieve the desired op- 
timum aerodynamic perfomnance at each axial section 
of the disk rim while smoothly blending with the con-e- 
spending fillets 38 which transition the stubs to the cor- 
responding root ends of the individual blades. 
[0072] In the various configurations of the fluted chan- 



nel illustrated in Figures 5-7, the specific profile of the 
fillets 38 is at least as large as the reference contour 56 
in the vicinity of the weld planes 42, and then varies 
smoothly circumferentlally to locally increase or de- 
5 crease the flow passage area relative to the desired aer- 
odynamic contour of the flow passage to achieve opti- 
mum aerodynamic performance. 
[0073] As indicated above, a primary reason for 
reconfiguring the inner flowpath channel 22 is to permit 
10 subsequent repair of the blisk by replacement of Individ- 
ual blades using the translation friction welding process. 
As illustrated schematically In Figure 8, the blisk may be 
repaired by removing any one or more damaged blades 
18d from the disk rim at or near the original weld plane 
15 42. The damaged blade may be suitably cut away from 
the rim. with the weld plane 42 being precisely milled 
using the conventional milling tool 50, for example, to 
leave the planar stub 40 in much the same configuration 
as the original stub, except without being laterally over- 
do sized. 

[0074] A replacement blade 18r, substantially identi- 
cal to the original blade, includes the fixturing collar 44 
near the root end thereof which is suitably mounted in 
the translation friction welding machine 46, which is then 

25 used for friction welding the replacement blade to the 
stub by again translating chordally the collar in the same 
manner as described above with respect to Figure 1 . 
[0075] Since the weld plane 42 is positioned within the 
opposite fillets 38 on both sides thereof, the stub 40 is 

30 relatively rigid and permits friction welding without un- 
desirable distortion thereof under the large upset loads 
applied. 

[0076] Repair of the individual blade Is then complet- 
ed by machining away the fixturing collar 44 from the 

35 replacement blade,.and machining away the weld flash- 
ing 48 from the weld plane to return the blade root to 
substantially the same contour of the original fillets 38, 
or slightly less as the repair requires. 
[0077] By the simple introduction of the fluted channel 

40 22 defining the inner flowpath boundary between the ad- 
jacent blades of the blisk, the weld surface 42 may be 
flat or planar over its entire axial length and remain with- 
in the structurally reinforcing fillets 38 on opposite sides 
thereof. Translation friction welding of the Individual 
blades to the corresponding stubs is readily effected 
with the benefits described above, while the resulting 
blisk maintains optimum aerodynamic performance. 
[0078] An additional advantage of using the fluted 
channels 22 is that theirthree dimensional contours may 

50 be used to advantage for increasing aerodynamic per- 
formance of the blisk beyond that possible from the con- 
ventional axlsymmetric innerflowpaths of typical blisks. 
[0079] The additional degree of freedom allowed by 
the non-axisymmetric flowpath can be used to Improve 

55 the aerodynamic performance through better flow con- 
trol near the hub through optimized passage area and 
surface curvature distributions. This improved perform- 
ance may be obtained with the important additional con- 
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straint of maintaining the fillet location relative to the 
weld. And, by careful control of the weld location relative 
to the peak steady hoop stress in the disk rim, the flow- 
path shape along a section nomial to the primary flow 
direction can be effective to reduce peak hoop stress in 
the fillet. 

[0080] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A blisk 1 0 comprising: 

a disk 16 including a rim 16a; 
a row of blades 1 8 extending radially outwardly 
from said rim in a unitary construction therewith 
to define corresponding flow passages 20 ther- 
ebetween; and 

said disk rim includes fluted inner flowpath 
channels 22 extending axlally between said 
blades for bounding said passages 20. 

2. A blisk according to clause 1 wherein each of said 
fluted channels 22 is circumferentiaily arcuate be- 
tween said blades, and joins said blades at corre- 
sponding arcuate fillets 38. 

3. A blisk according to clause 2 wherein each of said 
fluted channels 22 is asymmetric circumferentiaily 
between said blades 18. 

4. A blisk according to clause 2 wherein each of said 
fluted channels 22 has a concave contour varying 
axially along said blades 18. 

5. A blisk according to clause 2 wherein said disk 
rim 16a includes integral stubs 40 each having a 
weld plane 42 welded to a planar root 34 of a cor- 
responding blade 18, and said weld plane is dis- 
posed in said fillets 38. 

6. A blisk according to clause 5 wherein said disk 
rim 16a includes axiatty opposite fonA/ard and aft 
ends; said fluted channels 22 diverge radially out- 
wardly therebetween; and said weld planes 42 vary 
in radial distance from said fluted channels axially 
between said rirn forward and aft ends. 

7. A blisk according to clause 6 wherein said fluted 
channels 22 vary in depth nonlinearly between said 
rim forward and aft ends, and said weld plane 42 
varies in radial position in side said fillets 38 be- 
tween said rim forward and aft ends. 

8. A blisk according to clause 6 wherein said fluted 
channels 22 vary in circumferential contour relative 
to a corresponding axisymmetric reference contour 
56 with offsetting increased and decreased flow ar- 
ea portions. 



9. A blisk according to clause 6 wherein: 

said blades 18 include opposite suction and 
pressure sides 26,28; and 
5 said fluted channels 22 have a maximum depth 

skewed toward said blade suction sides axially 
between said rim fonivard and aft ends. 

10. A method of making said blisk 10 according to 
10 clause 5 comprising: 

fabricating said disk 1 6 with planar stubs 40 ex- 
tending outwardly from said rim 16a; 
fabricating each of said blades 1 8 with an inte- 
15 gral fixturing collar 44 disposed above said pla- 

nar root 34 thereof; 

friction welding said planar root 34 to said pla- 
nar stub 40 for each of said blades by translat- 
ing said collar 44 chordally; and 
20 machining said collar and weld flashing 48 at 

said weld plane 42 to complete said fillets 38 
thereat. 

11. A method according to clause 10 wherein said 
25 disk 16 is fabricated by: 

analytically defining contour of said fluted chan- 
nel 22 between said stubs 40 to achieve aero- 
dynamic performance required by said blisk, in- 
30 eluding corresponding flow areas and surface 

contour of said flow passages between said 
blades; and 

fabricating said disk 16 with said stubs 40 and 
channels 22 corresponding with said fluted 
35 contour thereof for positioning said weld planes 

in said fillets 38. 

12. A method according to clause 11 wherein; 

40 said analysis is first conducted to define an aer- 

odynamic contour 54 to achieve said aerody- 
namic perfomiance and passage flow areas 
without regard to location of said weld planes; 
said reference contour 56 is defined to include 

45 said weld planes 42 as best fit in said fillets 38; 

and 

said reference contour of said channels 22 be- 
tween said fillets is altered to match corre- 
sponding passage flow areas of said aerody- 
50 namic contour 54, and thereby define said flut- 

ed channels 22. 

1 3. A method according to clause 1 2 wherein said 
aerodynamic contour 54 and said reference contour 

55 56 are axisymmetric between said fillets 38, and 
said fluted channel 22 is asymmetric relative there- 
to. 
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14. A method according to clause 12 wherein said 
first analysis is a two dimensional representation of 
said aerodynamic perfoonance, and said aerody- 
namic performance of said fluted channels 22 is de- 
termined using three dimensional analysis. s 

15. A method of repairing said blisk according to 
clause 5 comprising: 

removing one of said blades 1 8d from said disk io 
rim at said weld plane 42 to leave a planar stub; 
and 

friction welding a replacement blade 1 8r to said 
stub by translating chordally a collar 44 inte- 
grally joined to said replacement blade above ^5 
a planar root 34 thereof. 

16. A method according to clause 15 further com- 
prising machining said collar 44 from said replace- 
ment blade, and machining weld flashing 48 from 20 
said weld plane. 

Claims 

25 

1 . A blisk 1 0 comprising: 

a disk 1 6 including a rim 1 6a; 
a row of blades 18 extending radially outwardly 
from said rim in a unitary construction therewith 30 
to define corresponding flow passages 20 ther- 
ebetween; and 

said disk rim includes fluted inner flowpath 
channels 22 extending axially between said 
blades for bounding said passages 20. 35 

2. A blisk according to claim 1 wherein each of said 
fluted channels 22 is circumferentially arcuate be- 
tween said blades, and joins said blades at coo'e- 
sponding arcuate fillets 38. -^^ 

3. A blisk according to claim 2 wherein each of said 
fluted channels 22 is asymmetric circumferentially 
between said blades 18. 

45 

4. A blisk according to claim 2 wherein each of said 
fluted channels 22 has a concave contour varying 
axially along said blades 18. 

5. • A blisk according to claim 2 wherein said disk rim so 

16a includes Integral stubs 40 each having a weld 
plane 42 welded to a planar root 34 of a correspond- 
ing blade 1 8. and said weld plane is disposed in said 
fillets 38. 

55 

6. A blisk according to claim 5 wherein said disk rim 
16a includes axially opposite forward and aft ends; 
said fluted channels 22 diverge radially outwardly 



therebetween; and said weld planes 42 vary in ra- 
dial distance from said fluted channels axially be- 
tween said rim fonivard and aft ends. 

7. A method of making a blisk 1 0 according to claim 5 
comprising: 

fabricating said disk 1 6 with planar stubs 40 ex- 
tending outwardly from said rim 16a; 
fabricating each of said blades 18 with an inte- 
gral fixturing collar 44 disposed above said pla- 
nar root 34 thereof; 

friction welding said planar root 34 to said pla- 
nar stub 40 for each of said blades by translat- 
ing said collar 44 chordally; and 
machining said collar and weld flashing 48 at 
said weld plane 42 to complete said fillets 38 
thereat. 

8. A method according to claim 7 wherein said disk 1 6 
is fabricated by: 

analytically defining contour of said fluted chan- 
nel 22 between said stubs 40 to achieve aero- 
dynamic perfomnance required by said blisk, in- 
cluding corresponding flow areas and surface 
contour of said flow passages between said 
blades; and 

fabricating said disk 1 6 with said stubs 40 and 
channels 22 corresponding with said fluted 
contour thereof for positioning said weld planes 
in said fillets 38. 

9. A method of repairing a blisk according to claim 5 
comprising: 

removing one of said blades 1 8d from said disk 
rim at said weld plane 42 to leave a planar stub; 
and 

friction welding a replacemerit blade 1 8r to said 
stub by translating chordally a collar 44 inte- 
grally joined to said replacement blade above 
a planar root 34 thereof. 

10. A method according to claim 9 further comprising 
machining said collar 44 from said replacement 
blade, and machining weld flashing 48 from said 
weld plane. 
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